It has been found that the phagocytic activity of the mononuclear phagocyte system can be stimulated by bacteria and bacterial products such as typhoid vaccine, Corynebacterium parvum, attenuated strains of Mycobacterium bovis BCG, endotoxin (lipopolysaccharide [LPS] ) from Escherichia coli, and lipid extracts from mycobacteria (8) (9) (10) 13) . Although the mechanism in the activation of phagocytic activity of macrophages by LPS has been extensively studied (7, 8, 11, 12) , the action of LPS on the differentiation and proliferation of the mononuclear phagocyte system in vivo still remains unclear. The liquid culture technique, which is excellent in searching for macrophage colony-forming cells, has recently been developed (2, 19) . This technique enabled us to examine the quantitative estimation of the proliferation of mononuclear phagocytes. In the present paper, we show that LPS exhibits different actions on macrophage colonyforming cells in the bone marrow and peripheral lymphoid tissues.
MATERIALS AND METHODS Animals. Male and female SMA mice, ca. 6 weeks of age, were used.
LPSs. Klebsiella sp. strain 03 LPS (KO3 LPS) was prepared from the culture supernatant of Klebsiella pneumoniae type 1 Kasuya strain as described previously (6) . LPS from E. coli O111:B4 and from Salmonella enteritidis were purchased from Difco Laboratories, Detroit, Mich. Unless otherwise stated, 200 Lg of LPS was intraperitoneally (i.p.) injected.
Preparation of cell suspension. Mouse spleen, mesenteric lymph nodes, and regional (right inguinal) lymph node were dissected to prepare a single-cell suspension in Eagle mini-* Corresponding author. mum essential medium. Peritoneal cells were obtained by washing out the peritoneal cavity with this medium. Bone marrow cells were collected by flushing out two pieces of femur shafts.
Cultures. Minimal essential medium supplemented with 2 mM L-glutamine, 5 x 10-5 M 2-mercaptoethanol, 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 5% decomplemented fetal calf serum, and 20% conditioned medium was used. L-cell-derived conditioned medium was prepared as described previously (19) . Cell suspension (2 ml) was seeded onto a plastic dish (diameter, 35 mm) and incubated at 37°C in a 5% CO2 atmosphere. Unless otherwise stated, the cultures were incubated for 7 days. Identification of macrophages and macrophage colonies. Sheep erythrocytes fixed with Formalin (17) were added to the cultures. After 1 h of incubation, the dish was washed twice with 0.01 M phosphate-buffered saline at pH 7.2, fixed with 99% ethanol, and stained with Giemsa solution. Adherent mononuclear cells capable of phagocytizing Formalinfixed sheep erythrocytes were identified as macrophages as previously described (17) . A group of more than eight mononuclear cells containing macrophages was identified as a macrophage colony as described previously (19 (105) were cultured. The colony numbers per spleen, mesenteric lymph nodes, and regional lymph node of mice injected s.c. or i.p. with LPS were ca. 10 times higher than respective untreated controls ( Table 2) . However no significant difference or a slight decrease in the number of macrophage colonies per bone marrow was seen on day 7 after the injection of LPS. At day 2 after injection, the decrease was apparent as described below (see Table 4 number at day 14 decreased but still exceeded the untreated control. In cultures of bone marrow cells, the colony number per dish did not significantly change after injection, and the colony number per organ was decreased temporarily on day 2 and 3.
Time course of increase in the number of macrophage colonies of the spleen and bone marrow cells after the injection of LPS. The kinetics of the number of macrophage colonies in cultures of spleen cells (2.5 x 105) and bone marrow cells (2 x 105) from normal mice and mice injected with K03 LPS were compared (Fig. 1A and B) . In cultures of spleen cells from mice injected with LPS, macrophage colonies started to appear after day 3 of incubation, and thereafter the number of colonies increased progressively up to at least day 8; in cultures of normal spleen cells colonies were first detected on day 5 and then increased in number gradually. On the other hand, no significant difference between normal and LPS-injected mice could be detected in cultures of bone marrow cells, and the increase in colony number ceased after day 5 of incubation, showing a pronounced difference from the case of spleen cells.
Growth of individual macrophage colonies in cultures of spleen and bone marrow cells from mice injected with LPS. The total number of cells in individual macrophage colonies was counted at day 5, 6, and 7 after cultivation (Fig. 2) . Macrophage colonies that appeared in cultures of spleen cells from mice injected with K03 LPS were generally larger in size through the period of incubation. There were a number of large-sized colonies consisting of more than 50 cells at day 7 after cultivation, whereas most colonies in cultures of normal spleen cells were still small, consisting of less than 50 cells (Fig. 2A) . On the other hand, no significant difference in the colony size of bone marrow cells was seen between normal and LPS-injected mice. In general, the spleen cells. Since it has been found that colony-forming cells in mouse spleens increased after the injection of LPS and that those in the bone marrow decreased, an experiment was carried out to determine whether bone marrow-derived colony-forming cells migrate into the spleen after the injection of LPS. The experimental design was as described above. No colony appeared in the culture of spleen cells from total-body-irradiated mice. In mouse spleens reconstituted with normal bone marrow cells, there was no significant difference in the colony number per dish before and after the injection of LPS (Table 5) . However, the number of colony-forming cells per organ in LPS-treated mice was markedly decreased because of the reduction of recovered cells from the spleen. In mouse spleens reconstituted with normal spleen cells, the injection of LPS increased the numbers of both macrophage colony-forming cells per dish and total recovered cells.
Effect of the transfer of serum from mice injected with LPS on the number of colony-forming cells in the spleen and bone marrow. The next study was made to determine whether the increase of colony-forming cells in the spleen Qr their decrease in the bone marrow might be mediated by a certain serum factor. Serum was collected from mice at 2, 4, or 7 days after the injection of LPS. The experimental protocol was as described above. There was no significant difference in the colony number between control mice and mice to which test sera had been transferred in advance (Table 6) . No activities of serum factors could be detected in the present experimental conditions. CELL NUMBR PER COLONY 
DISCUSSION
The present study showed that the injection of LPS into mice increased macrophage colony-forming cells in peripheral lymphoid tissues such as the spleen, mesenteric lymph nodes, and regional lymph node but decreased those in the bone marrow. This action was common among LPSs from various bacterial species. The contradictory reactions to LPS of macrophage colony-forming cells in the spleen and bone marrow could not be explained by the dose of LPS injection nor by a certain serum factor which might possibly be induced after LPS injection. Furthermore, it was shown that the increase of macrophage colony-forming cells in the spleen was not attributed to the migration qf cells from the bone marrow. From these findings it is conceivable that there might be an essential difference between macrophage colony-forming cells in the spleen and those in the bone marrow. The difference in the kinetics of colony formation in cultures of normal spleen cells and bone marrow cells also supports this idea (Fig. 1) Since the main factor underlying the variation of colony size was previously found to be the lag time before the initiation of cell division (3), the large size of colonies that appeared in spleen cell cultures from mice injected with LPS is probably due to a shortening of the lag time. Therefore, LPS may affect not only quantitative but also qualitative changes of spleen-type colony-forming cells. It is of interest to speculate that LPS might nonspecifically activate spleentype colony-forming cells as has been suggested for the activation of a B lymphocyte system (1, 5) .
The injection of K03 LPS increased the number of colony-forming cells in the regional lymph node more markedly than did E. coli O111:B4 LPS or S. enteritidis LPS treatment. In the previous histological observation we also found a marked proliferation of macrophage-like cells in the regional lymph node, especially upon injection of K03 LPS (18) . This proliferative action of K03 LPS on mononuclear phagocytes in the regional lymph node may play an important role in its potent adjuvant action (4, 6) . Contrary to these in vivo actions, in vitro treatment with K03 LPS inhibits the formation of macrophage colonies (20) . This dissociation between in vitro and in vivo responsiveness of colony-forming cells to K03 LPS suggested the existence of a certain factor(s) acting in vivo. Although the present study failed to detect any participation by a serum factor, we cannot completely exclude the possibility of transient participation at early stages after the injection of serum factor(s) such as colony-stimulating factor, prostaglandin, and interferon (14) .
